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FOREWORD 


This  publication  was  prepared  under  contract  for  the 
Joint  Publications  Research  Service  as  a  translation 
or  foreign- language  research  service  to  the  various 
federal  government  departments. 

The  contents  nf  this  material  in  no  way  represent  the 
policies,  views  or  attltudde  of  the  U,  S.  Government 
or  of  the  parties  to  any  distribution  arrangement. 


PROCUREMENT  OF  JPRS  REPORTS 


All  JPRS  reports  may  be  ordered  from  the  Office  of  Technical 
Services.  Reports  published  prior  to  1  February  1963  can  be  provided, 
for  the  most  part,  only  in  photocopy  (xerox).  Those  published  after 
1  February  1963  will  be  provided  in  printed  form. 

Details  on  special  subscription  arrangements  for  JPRS  social 
science  reports  will  be  provided  upon  request. 

No  cumulative  subject  index  or  catalog  of  all  JPRS  reports 
has  been  compiled. 

All  JPRS  reports  are  listed  in  the  Monthly  Catalog  of  U.  S. 
Government  Publications,  available  on  subscription  at  $4,50  per  year 
($4,00  foreign),  including  an  annual  index,  from  the  Superintendent 
of  Documents,  U,  S,  Government  Printing  Office,  Washington  25,  D.  C. 

All  JPRS  scientific  and  technical  reports  are  cataloged  and 
subject-indexed  in  Technical  Translations ,publl shed  semimonthly  by 
the  Office  of  Technical  Services,  and  also  available  on  subscription 
($12,00  per  year  domestic,  $16.00  foreign)  from  the  Superintendent 
of  Documents,  Semiannual  indexes  to  Technical  Translations  are 
available  et  additional  cost. 


3UKPOT1KO  MXJVOK  dSAiJLE  FREQUENCIES 
OF  HADJC  COMMUNICATION  LINKS 

/Follcwlnp;  is  a  translation  of  an  article  by  V.  N. 
Navysh-Pylinskaya,  in  the  Russian-language  work  Trudy 

;tranenlya  Radtovpln  Akademll  Nauk  USSR  (Transactions 
of  the  Institute  of  Terrestrial  Magnetism,  Ionosphere 
and  Proportion  of  Radio  Waves  of  the  Academy  of 
Sciences  USSR),  No.  19(29),  Moscow,  1 961 ,  pages  ?1- 

e.uj 


This  study  was  undertaken  to  compare  the  accurate  of  two  dif¬ 
ferent  methods  of  computation  of  >£•  h  /Maksimal'no  Prior  ni  may  a 
Chestotaykaximum  Usable  Frequency  for  the  short-wave  radio  communi¬ 
cation  links  in  order  to  find  out  which  of  these  two  to  recommend  as 
the  r.«st  satisfactory  method  to  be  used  in  radio  forecasts  published 
by  liiMIKAN  /Inetitut  2emncMO  y.a:»netizjna ,  lonosfery  i  Rasprostraneniya 
Radiovoln;  Institute  of  Terrestrial  Magnetism,  Icno sphere  and  Prepa¬ 
ration  of  Radio-wave $7.  Only  two  most  widely  used  methods  were  com¬ 
pared  :  The  method  of  ’‘reference  points "  which  i«- an  accepted  and 
recommended  method  in  "Monthly  Pore sir.  of  Radio-Wave  Propagation" 
(published  by  I2KSMJO ,  -and  tho  method  of  "equal  jumps  previously 
evaluated  in  work  Jjj  as  one  of  the  best  methods .  because  both 
methods  are  well  known  we  do  not  describe  them  here.  The  examination 
of  these  two  methods  was  done  by  comparing  the  calculated  values  of 
KPCh  with  the  actual  values  observed  on  several  radio  communication 
links . 


1. 


The  following  are  the  initial  materials  used  in  this  study* 

Data  on  the  transmission  of  short  radio-waves  by  several  radiocomminl- 
cation  links  publishec  in  the  pages  of  19S7-1958  issues  of  Canadian 
iflaaud&l&j&u.  and  ^so-bachtunrseraabr, is.se  (Observation  Results). 

Information  or  radio  communication  results  of  various  Soviet 
radio  line*.  This  information  is  contained  in  the  materials  of  the 
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archives  of  KDRSV  .j-csko  vskaya  Direktsiya  Radiosvyaai  i  Radicvesn- 
crmniya:  “oscow  Directorate  of  Radio  lommur.i cations  and  Radio  Broad¬ 
casting/  . 

Final);;  tr.a  observation  results  of  the  ionospneric  radio 
stations  art'  riven.  These  results  contained  the  data  necessary  for 
the  computation  rf  KPCh  oetween  these  stations. 

The  follow  if.;  radio  cowmunucatior.  -  inks  were  examinee  : 
Washington-berlln  6,600  kilometers  long:  Waghineton-Resoluticri  cay 
{•‘,100  km) ;  Washiflgtcn-taKer  Lai.®  (3.000  km);  Waahington-Cburchi.il 
{ ? , : 00  kr.;:  washington-Ottava  (?00  km),  and  various  Soviet  radio 
oonKUrticaticn  links  extending  in  different  directions  from  1 ,600  tr 
■5, -00  hii.oneter£ . 

Experimental  KPCn  for  the  stove  mentioned  links  were  deter¬ 
mine*  i  ty  actual  measurement  of  the  field  strength  end  accordin'  to 
».!:«  results  of  radio-wave  transmissions .  Radio  transmission  data  on 
Washinrton-oerlin  lir>  is  published  in  the  form  -  *  c:  .arts  container.' 
daily  values  of  field  strength  for  everj-  ever,  hour  of  receptive,  ry 
rerlin  on  sax  standard  frequencies*  ?.f:  10;  15:  ?0  and  ?5  megacyc)f 
transmitted  oy  the  Washington  transmitter  WVF.  Tnete  charts  rontair. 
also  the  diurnal  graphs  of  audibility  oar.d  cf  WW7  transmitter .  Cn  tr. 
ba33iS  of  this  data  we  figured  out  the  monthly  media!:  values  cf  uiurna 
field  strength  for  every  frequency  above  mentioned  and  alsc  for  tr.*> 
uppe r  frequency  limits  at  the  threshold  of  hearing  cf  tr>*»  transmitter 
Finally,  accordin'-  to  these  median  values,  the  daily  trends  of  MFCr 
war*  found  out  for  every  month  under  consideration. 

Aire  was  used  the  experimental,  data  on  tr.e  reception  of  radir 
3ip.na.ic  from  WWV  transsaltter  tv  foi.r  Canadian  stations  (Resolutio' 
i-ay:  jiaker  Lake;  Churchill;  Ottawa).  This  data  is  published  in  ttv- 
form  of  charts  containing  hourly  and  median  values  cf  audibility 
in  decibel  scale.  According  to  thee*  monthly  median  value:,  of 
audibility  for  every  frequency  used,  the  VPCh  for  every  hour  of 
every  month  was  calculated. 

The  materials  or.  radio  communication  in  the  system  cf  KflficV 
were:  in  the  fori  cf  monthly  tables  of  radio  transmission  ♦evr.c 
several  diurnal  operating  frequencies.  It  was  impoealble  to  find 
out  for  these  radio  ehanmlt  tr.«  experimental  values  cf  KPCn,  in¬ 
stead,  fer  these  channels  the  monthly  median  values  cf  the  daily 
trends  of  an  operating  frequency  were  determined. 

The  calculations  of  the  KPCh  for  the  mentioned  radio  channels 
were  done  using  two  different  methods;  oy  the  method  of  "reference 
points."  aid  :y  the  method  o'"  "equal  jumps".  The  calculations  by  the 


method  of  "equal  ^umpo"  wore  carried  out  in  conformity  with  tha  in¬ 
struction*  of  Nil  jjiauchno  latledoratal'skiy  Institut;  Scientific  Ka- 
••arch  Inetitutg/  of  the  Ministry  of  Communications,  that  i>,  taking 
into  account  th*  correction  factor  raising  th*  calculated  valuta  of 
MFCh  /y .  Th*  calculation  of  MFCh  wore  performed  aithcr  on  th*  MFCh 
maps,  layers  E,  FI  and  F2,  or  on  th*  nape  of  tha  critical  frequencies 
and  factors  M-3,0C0  of  tho  layer  T2,  the  naps  themselves  being  made 
tor  every  month  baaed  on  tha  observation  data  gathered  by  ttie  tone- 
spherlo  radio  atationa.  For  each  radio  communication  channel  a  group 
of  the  ionospheric  stations  was  assigns-!.  The  observations  conducted 
by  these  stations  gave  a  olsar  picture  of  the  ionosphere  at  all 
points  of  reflection  along  a  given  communication  link.  3aaed  on 
this  information  the  naps  were  aids  for  every  radio  channel  or  for 
the  areas  adjacent  to  the  points  cf  reflection.  When  calculating 
MFCh  for  the  radio  channels  with  one  point  of  reflection  during 
summer  months  at  day  tin#  the  following  layers  determined  the  theo¬ 
retical  values  of  MFCh:  layer  E  for  the  radio  channels  ?00  kilo¬ 
meters  long;  layer  FI  for  the  communleation  links  2,dOC  -  3.000 
kilometers  long;  while  during  the  rest  of  the  tine  the  layer  de¬ 
termining  the  KFCh  was  layer  F2.  In  the  case  of  computing  MFCh  for 
the  uomunicatlon  links  with  several  points  of  reflection,  provided 
the  method  of  the  calculation  was  the  method  of  "reference  points", 
the  KFCh  determining  layer  was  layer  ?2.  If  tho  method  of  "equal 
Jumps”  was  applied  for  computations  during  the  day  hours  of  summer 
months  the  deciding  layer  was  layer  FI ,  while  for  the  rest  of  tin* 
the  layer  TZ,  In  the  result  for  all  radio  channel*  under  the  study, 
tha  monthly  diurnal  trends  of  the  KFCh  were  calculated  theoretically 
and  these  were  compared  with  actually  coaarved  values  of  the  MFCh 
for  th*  same  periods  of  tin*.  Comparisons  for  the  radio  channel 
Washlngton-Serllh  were  carried  out  for  the  period  of  five  months  of 
195?  (January,  June,  October-fiecembar) ,  and  for  eleven  months  of 
195&*  Comparisons  for  Soviet  radio  channels  ware  done  tor  the 
period  of  a  number  of  years  ( 1 943-1  *$7),  including  the  years  of  th* 
maximum  and  minimum  solar  activity. 


2. 


a  aUSSk  Imirt" 


In  order  to  compare  and  evaluate  the  above  mentioned  methods 
of  MFCh  computation  it  was  necetsmry  to  find  out  tho  rate  of  the  devi¬ 
ation  of  the  theoretical  values  of  WKSh  from  actually  observed  values 
ttr  each  hour  of  operation  of  each  individual  radio  channel,  i.e. 


KFCh 


obser. 


-  KFCh. 


oalo. 


x  100 


KFCh  observ. 
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Besides  that  it  was  necessary  to  determine  the  correction  factors  for 
the  curves  of  calculated  MPCh  for  even’  how  of  operation 


MPCh 


observ. 


Then  the  monthly  values  of  deviation#  and  of  correction  factors  were 
averaged  for  the  whole  period  of  ofcservationa  conducted,  and  also 
averaged  separately  for  seasonal  Winter,  Sumer  and  the  equinox. 

The  values  found  out  for  diwnal  changes  of  deviations  and  correction 
factors  v*r*  scrutinised  separately  for  each  individual  radio  channel 
under  study, 

we  have  to  mention  here  t*iat  the  data  available  or.  radio  trans¬ 
missions  by  tne  channels  in  the  system  of  KDRSV  is  not  enough  to  have 
a  clear  picture  aiout  !'PCh  for  these  channels.  These  are  the  operating 
frequencies  useo  for  carrying  out  radio  communication  along  thews  com- 
nunveation  links  and  as  such  they  are  below  or  near  frequency  limit 
of  MPCh.  Therefore,  a- -cording  to  the  results  of  the  observations  along 
these  communication  links  one  can  have  a  valid  opinion  on  the  devi¬ 
ations  only  In  cases  when  the  computed  values  of  MPCh  are  oelow  the 
operating  frequencies,  i.e.  when  the  deviations  are  negative,  but, 
even  the  negative  deviations  do  not  characterize  completely  the  magni¬ 
tude  of  the  discrepancy  between  the  computed  and  experimental  MPCh 
values,  Lacans*  t.lie  deviations  are  limited  by  the  choice  of  oper&tin,- 
frvque ncies . 


In  crier  examine  the  relative  merits  of  two  method*  of  MPCh 
computation  w?  -ring  here  the  results  of  comparison  of  our  findings 
w  tut*  o-raticts  cf  two  radio  channels  KDBSVt  .‘.oscov-lrkutsk  4,200 
kilometers  long;  :<.ua  ’or cow-V lsdi vc s to k  6,400  km.  The  information 
is  given  for  t‘.e  years  of  the  maximum  and  minimum  solar  activity. 

When  computations  for  both  channels  were  carried  out  by  the  method 
of  ‘‘reference  points"  the  frequencies  were  found  out  from  F2-’.  ,000 
l-'ICi.  maps,  :.e,  ier  a  Jump  aistance  of  4,000  kilometers.  In  the 
■-■ase  of  using  t;:e  method  of  "equal  Jumps",  the  lump  distance  along 
.  o*?ow-lrkuts  link  was  2,100  km.,  and  2,150  km  along  the  link  lloacow- 
VladivoFtok,  wK/  reflecting  fro:  ionospheric  layers  ?*  an.i  F* . 

This  discrepancy  In  jump  distance*  had  an  effect  on  the  result*  of 
our  •omputatior.s,  When  computations  were  made  by  applying  the 
net nod  of  "equal  jumps"  the  maximum  correction  factor  used  was  equal 
to  1,12,  and  yet  the  MPCh  were  conaiderably  lower  thar.  the  vPCh  com¬ 
puted  .y  tie  met ; od  of  "reference  point j"  { for  both  chanrels).  This 
explains  why  the  method  of  "equal  jumps"  results  in  larger  number  of 
cases  when  the  computed  values  of  MPCh  were  oelow  their  experimental 


value#  both  from  th*  point  of  tho  Mount  of  tins  and  tho  magnitude  of 
th*  deviations. 

While  cotparing  tho  computed  value*  of  MPCh  with  op* rating 
frequencies  used  by  tho  radio  communication  link*  Hoscow-Irkntak,  Mos¬ 
cow -Vladivostok  during  1 95?  it  was  discovered  that  tho  individual 
nail  deviation*  of  computed  value*  of  MPCh  are  observed  only  when 
applying  the  aethod  of  "equal  Junpe* .  Th*  method  of  "reference  points" 
dooa  not  produce  tho  deviation*.  However,  in  oases  like  that,  tho 
Mir*  fact  of  tli*  lack  of  th*  deviations  doe*  not  indicate  yet  a  good 
agreement  between  theoretical  and  experimental  MPCh  values,  for  th* 
year  195?  was  the  your  of  the  maximum  solar  activity  -  the  time  when 
the  values  of  KPCh  calculated  by  both  method*  for  the  day  light  hours 
rise  beyond  th*  limit*  of  th*  short  wave  range.  Therefor*  it  is 
natural  to  conclud*  that  when  commialcating  by  th*  abort  waves  the 
operating  frequencies  can  not  become  larger  than  th*  computed  value* 
of  MPCh. 

During  the  year*  of  the  minimus  solar  activity  Cl 953-1 95*+) 
little  deviations  are  observed  when  MPCh  computation  la  made  by  th* 
nethod  of  "reference  points* 


Figure  1,  Radio  transmission  data  on  Kosoow-Irkutsk  channel, 
0953-1954) 

a  -  The  average  variations  (deviations)  between  calculated  A  observed 
MPCh  value*  0) 

b  -  Th*  frequency  cf  the  deviation*  n  for  evary  hour  (£) 

Solid  curve  -  result*  obtained  by  the  method  of  "reference  points" 
Stroked  curve  -  result*  obtained  by  "equal  jumps"  method. 

X  -  A  KPCh  i 
B  -  b 
C  -  hours 
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On  MoaanH-Xrtaitf  link  thaee  deviation*  avouni  to  Jt  of  tins,  and  on  the 
link  Hoeeow-VladlY'o  »tok  to  1#*  fb*  average  values  of  deviation*  art 
nagttgibl#,  though  in  the  individual  oimi  thty  *07  reaab  up  to  45*. 
Whan  calculation*  vara  nade  by  tha  aathod  of  “equal  Juapa*  considerably 
*urgar  davlationa  vara  observed.  Tha  calculated  KFCh  valuta  art  bale* 
tha  operating  frequencies  during  JOfi  of  tint  tint  for  tha  link  Moacow- 
Irkutsk,  and  during  6#  of  tha  tint  for  tha  Moeoow-Vladlvoetok  link. 


figure  2.  Radio  transmission  data  on  Hoscow-Vladivostok  link. 
(1953-1 95**) 

a  -  Tha  average  variation*  batvaan  calculated  and  observed  KKh 
valuta  <*) 

b  -  Tha  frequency  of  tha  davlationa  n  tor  awry  hour  (*) 

Solid  cum  -  results  obtained  by  "reference  points*  nathod. 
Stroked  cum  -  results  obtainad  by  “equal  jhaspe"  aathod . 

A  -  MfCh 

B  -  h 

3  -  hours 


During  the  sunoer  aontha  i Hay -August)  tha  deviations  an  ob¬ 
served  during  70-8056  of  the  tine.  Tha  tvartga  valuta  of  thaaa  devi¬ 
ations  do  not  go  ovar  2«*,  but  daring  Individual  hours  they  reach  up 
to  57-60*.  Tha  percentage  of  tha  avaraga  variation*  for  the  two 
radio  link*  during  1953-195**  oaloulatod  by  both  method*  are  shown 
on  Figures  1  and  2.  (The  tin*  ehovu  it  the  Moscow  Official  Tina). 
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Cn  the  sane  figure a  are  also  shown  the  curves  of  the  percentage  of  the 
frequency  of  deviation  for  every  hour  of  oorwunleatior  operation* . 
t)«  could  nat  sake  our  comparison*  for  the  link  Moaocw-Vlodivostok  from 
3»ro  to  seven  o’clock  because  no  communication  operation  were  con¬ 
ducted  during  theee  hours.  The  distribution  of  the  variations  (devi¬ 
ations)  are  the  frequency  of  their  Indication*  according  to  the 
deacons  only  for  the  computed  MPCh  values  by  the  method  of  "equal 
Jumps'1  are  shown  in  Figures  3  and  4.  One  can  see  in  theee  figures 
that  the  variations  occur  at  any  time  during  twenty  four  hours,  but 
they  are  particularly  stable  during  the  day  time  hour*  in  the  summer. 
The  results  cf  the  comparison  of  data  for  the  radio  communication 
links  Moscow -Irkutsk ,  and  Moo cow-V ladlvo stok  bring  us  to  the  con¬ 
clusion  that  the  method  of  "reference  points"  is  a  more  satisfactory 
rot hod  for  the  computation  of  MFCh  for  these  channel*.  On  Moecow- 
Irkutsk  oonutuni cation  link  the  method  of  "reference  points*  practi¬ 
cally  does  not  produce  the  variations,  is  for  the  link  Moeccv- 
Viidivcstok,  again,  the  magnitude  of  variation*  and  the  frequency  of 
their  indications  are  considerably  smaller  if  the  calculations  are 
carried  out  by  the  "reference  points"  method, 

cut,  the  major  data  for  the  comparison*  of  these  two  methods 
was  obtained  while  studying  the  results  of  radio  comunicationa  of 
the  links  Washingtcn-Revulution  Bay  and  Waahington-Berlin.  In  these 
cases  there  was  the  opportunity  of  finding  out  for  theee  links  the 
experimental  MFCh  covering  the  larger  pert  of  the  period  under  our 
study.  This  made  it  possible  for  us  to  evaluate  the  magnitudes  of 
both  negative  end  positive  variations.  Beside*,  calculations  were 
performed  for  the  communication  link  Washiagton-Moacow  for  the  period 
cf  November  1952.  but  so  far  as  the  result*  of  this  study  are  simi¬ 
lar  to  the  results  o?  the  link  Vashingtcn-Berlin,  and  so  far  as  the 
material  about  Washing tcn-koscow  link  is  very  small,  we  do  not  bring 
i".  here  separately.  Here  again,  for  both  of  these  links,  the  MFCh 
curves  calculated  by  the  method  of  "equal  jumps*  (because  of  the 
difference  in  jump  distances)  ere  below  MFCh  curves  computed  by 
'reference  points"  method. 

The  MFCh  variations  obtained  by  calculations  using  both  methods 
for  the  communication  link  Was hington-R* solution  Bay  are  shown  on 
Figure  5  (Local  time;  90  degrees  Western  Loogit.).  While  computing 
ty  "reference  point*"  method  the  maxima  negative  variation*  for  the 
vlwl*  period  of  the  examination  (23  months)  w era  observed  reaching 
to  1#  during  the  night  hour*.  During  the  earning  and  evening  boor* 
the  variation  curve  gradually  rise*  approaching  the  saro  level  and 
then  becomes  positive  for  tho  hour*  of  day  time,  it*  fluctuation* 
averaging  ».  The  average  MFCh  values  computed  by  "equal  jumps* 
method  during  all  twenty  four  hour  period*  of  tlm*  war*  negative, 


tooir  variation  oarvoa  rnoMag  to  2&-3O0  daring  too  algte  fcnufi*  aat 
to  about  ftp  daring  tho  tof  tto  toon. 


fifttr*  3.  tbs  distribution  of  tbs  deviations  ( variations) ,  to  too 
frequency  of  tboir  indication*  according  to  tbs  muom 
for  ths  ooooamioction  link  Kosoow-Xriratsk  (1953-195*) 

a  -  Tbs  average  deviation  of  tbs  ooqpBtod  MFCh  values  by  tbs  asthod 
« t  *sqaal  4»«ps"  fron  observed  tojtototoo  (to  f) 
b  -  lbs  frsque&oy  of  tonir  Itoirotione  a  far  ova**  boor  (f ) 

Dotted  curves  •  Viator 
Stroked  crurvao  -  Squinaot 
Solid  ww>  -  Si.au  r 

A  -  KfCht  at  B  •  bt  C  -  Soars 
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-V  .  i*a%% 


**  diatributioa  of  tho  doviatioo,  and  tho  fr*qo*n« 
•f  thoir  iadlofttioaa  oooordbLnc  to  tho  — trtmr  tor  tho 
ooowaiootlon  link  Moocoo-VIodlirostok  (1953-1954) 


*  -  Th*  «v*roj*  deviation*  of  HfCh  by  tho  aothod  of 

*oqool  joapo"  fpow  oboorad  valaoo  (MR*  5) 
b  -  Th*  frequency  of  thoir  Mtoakliw  a  for  moot  how  (4) 
Dottod  curve*  .  Viator  *  p 


Stroked  oarvoo  •  Bkofcaoa 
Solid  earooo  •  tonr 

A  *  Iftti  4i  ■  -  bf  C  •  Inn 


•  t* 


Figure  5.  The  average  deviations  of  eovsputed  MFCh  value*  from 

ooserved  sagnitades  (KFCh  i)  for  ths  oo— unleatlon  link 
Was hington-Re solution  Bay  (1957-1958) 

a  -  For  th#  whole  period  of  observations 

b  -  Winter 
u  -  Squincjc 
d  -  3um»r 

Solid  corvas  -  by  method  of  *  referenda  points* 

Dotted  Msrvs#  -  by  method  of  "equal  Ju»p** 

•  A  -  KfCh  ii  B-bi  C  -  c*  B  •  d;  S  -  Hours 
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Below  follow*  th*  di*t  zibet  ion  of  th*  variation*  acoording  to 
the  seasons.  In  th*  winter,  daring  th*  night  hour*  th*  method  of 
"reference  point*"  glv*»  negative  variation*  up  to  10i  during  th* 
ao ming  and  evening  hour*  th*  variation  curve#  put  through  aero  level 
and  at  day  tine  become  positive  reaching  eon*ld*rabl*  values.  Th* 
variation*  of  KFCh  computed  by  "equal  jump*"  method  during  the  night 
and  transitional  hour*  ke*p  stable  In  th*  vicinity  of  28-25*  end  only 
during  the  day  hour*  near  noon  time  pass  through  taro  level  reaching 
email  positive  value*.  During  month*  of  equinox  according  to  both 
methods  the  magnitudes  of  variation*  at  night  hour*  are  almost  the 
same  as  in  the  winter,  while  during  the  day  time  hour*  th*  method  of 
"reference  point*"  gives  variation*  averaging  15.*,  and  the  method  of 
"equal  Jumps"  giv*s  -15$.  In  th*  summer  tho  variation*  are  negative 
'ey  both  methods.  Their  fluctuations  during  twenty  tour  hour*  *r* 
as  shown  below z  L-y  the  method  of  "reference  points”,  about  8-1 0$ j 
:iy  the  method  of  "equal  Jumps  *  about  20jf.  Let  us  mention  here  that 
for  the  day  tmw  hours  during  the  winter  and  equinox  In  the  majority 
of  cases  it  was  impossible  to  determine  th*  magnitudes  of  MFCh  under 
;  examination  so  far  aa  they  were  higher  than  the  highest  frequency 

?<*••! ■.•«Ud  by  the  transmitter  (25  me}.  For  this  reason  the  deviation 
car yes  for  the  indicated  periods  are  not  enough  reliable.  Also, 
as  the  summer  time  observations  constitute  the  largest  number  of 
observations  carried  out,  the  curves  tor  the  whole  period  show  a 
somewhat  understated  value  of  deviations  taking  place  during  the 
wars  close  to  the  noon  time.  Th*  curves  of  deviations  for  th* 
ni,tht  time  hours  during  th*  winter  and  equinox,  and  tor  the  all 
twenty  tour  hours  during  summer  are  the  most  reliable  curves  and 
the  scattering  cf  deviation*  is  small. 

The  average  deviations  of  KPCh  tor  the  communication  link 
Vi'asian  »ton«B*rlin  are  shown  on  Figure  6.  (Time-Standard  Inter¬ 
national).  The  results  of  comparison*  for  this  link  are  similar 
to  the  results  of  Wa*hir.gton-R**clution  Bay  link,  but  the  curve 
computed  bv  the  method  of  "equal  Jump*”  too,  shows  the  night  time 
(about  35X)  average  deviations  tor  th*  whole  period  of  observations . 
The  curve  computed  by  the  method  of  "reference  points*  gives  for 
the  jajoe  hours  deviations  about  20.20,  During  the  day  time  hours 
•  the  deviation  curve  by  the  method  of  "equal  jumps*  is  negative 

(-to;  -15)  and  the  deviation  curve  oy  the  method  of  "reference 
points"  is  positive  (about  5$).  Kowever  one  must  talk  about  day 
,  tine  deviation?  with  some  caution,  tor  our  remarks  about  the  day¬ 

time  deviations  tor  the  link  Vashington-toaolution  Bay  are  en¬ 
tirely  relevant  also  to  th*  link  RerliaJrfashington.  for  instance 
the  deviation*  for  the  night  and  transitional  hours  vert  computed 
for  all  sixteen  months  of  observation*  while  the  day  time  (from  13 
to  1?)  computed  only  for  seven  months,  mainly  summer  months.  Let 
us  analyte  the  deviations  for  each  season  separately.  In  winter 
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very  large  negative  deviation*  mri  found  for  night  how*  by  both 
method*  of  computation*  3#  by  the  method  of  "reference  point**  and 
*2$  by  th*  method  of  "equal  ‘jump*".  In  day  tin*  both  method*  give 
the  positive  deviation*,  but  it  1*  impoesible  to  oalculate  than  pre¬ 
cisely  becaua#  of  lack  of  experimental  XfCh  above  25  so*  I>urii_g  tha 
month*  of  equinox  at  night  tin*  tha  deviation*  era  negative i  20$ 
by  the  method  of  "reference  point*  i,  and  30$  by  the  method  of  "equal 
jumps".  In  day  tine  a«  baaed  on  a  United  information,  the  calcu¬ 
lations  by  the  method  of  "reference  point#*  give  deviation*  up  to 
♦10$,  and  by  the  Method  of  "equal  jump*"  tc  -8i.  In  summer  the  devi¬ 
ation  curves  of  KPCa  aalculsted  hy  both  method#  are  negative  (by  the 
method  of  "reference  point*"  at  night  about  1 5ft,  during  the  day  tine 
0-5*t  by  tho  method  of  "equal  jumps*  at  night  -2*t,  during  the  day 
tim  about  tj*). 


Figure  6,  The  average  deviation*  of  the  computed  yPCfc  value*  from 
observed  data  (EfCh)  in  f  for  the  communication  link 
^aahington-Berlln  (195?«<958) 

a  -  For  the  vKol*  period 
fc>  *  Winter 
c  -  Equinox 
d  -  Svcaser 

Solid  curves  -  "reference  points*  method 
Dotted  curve*  -  "equal  jumps"  method 
A  -  MPCh  $;  2  -  b;  C  -  dj  D-d; 


S  -  Hour* 


Th*  graph*  of  th*  changes  in  th#  values  of  oorroction  factors 
calculated  for  both  oown  unication  links  give  the  picture  which  is 
similar  to  tha  graphs  of  changee  in  tha  values  of  KPCh  deviations  for 
tha  saaa  links,  tha  diurnal  magnitudes  of  tha  correction  factor  for 
oaoh  coaaunicatioo  channel  ia  not  tha  sane  for  each  hour.  Tha  magni¬ 
tude  of  correction  factor  haa  tha  diurnal  trend  different  for  aaoh 
season.  Tha  average  Magnitudes  of  correction  factors  for  tha  whole 
period  of  observations  and  for  each  aeaaon  for  coanaicetion  links 
Washington- Re solution  Bay  and  Waahiagton-Berlin  are  given  in  Tables 
1  end  2. 


A  **n  * 


Figure  7.  Cowunication  link  Waataington-Ottaua  (1957-1995) 

The  average  deviations  of  coapoted  KFCh  from  experi¬ 
mental  d«U  (KPCh  f) 

a  •  For  tha  whole  period 
b  *  For  sopttrste  eeeeone 

Solid  etwee  •  Swan  Stroked  curves  -  Bgaiaosi 
Batted  eweae  -  Vinton  ti*a*  75  dogreoe  Vootora  latitude 
k  m  HfCh  it  B  -  bi  6  -  Hour* 
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We  have  to  consider  the  (roup  of  communication  ohannela 
Waahington-Baker  Lake]  Waahington-Churcnill,  ini  Washington-Ottmwa 
separately  baeiuM  the*#  or*  th*  link*  with  on*  point  of  r*fl*etion, 
and  them for*  th*r*  la  no  big  difference  in  th*  result*  when  oalcu- 
lation*  irt  carried  out  by  above  n*ntion*d  method*.  However  th*r*  ia 
a  email  difference  in  oaleulatlona .  4c cording  to  th*  instruction*  of 
th*  Ministry  of  Coamunioationa  while  calculating  single  Jump  link*  on* 
ha*  to  introduce  a  correction  factor  X,  When  this  X  was  introduced 
into  calculations  of  abovo  mentioned  communication  link*,  the  MlCh  of 
Vashington-Ottava  vat  lncr*a*ed  to  2#,  of  Waehingtcn-Churchill  by  6$, 
Mid  of  Washington-Bakar  Lake  by  8f.  Then  these  increased  KKh  wore 
ocapered  with  experlnontal  MPCh.  The  average  deviations  of  those 
calculated  KFCh  fron  exporiaental  valuta  are  given  on  Figur**  ?«  8 
and  9  (Tin*  Local  -  90  D*g.  W.L.).  Th*  decline  of  th*  calculated 
MFCh  la  comnon  feature  for  all  three  communication  link*.  It  (the 
decline)  1*  inversely  proportional  to  tha  wavelength  of  a  radio 
channel.  The  maxima  negative  deviation*  for  all  three  channels  are 
during  tha  night.  4t  th*  day  time  smaller  deviation*  are  found  out. 
Practically  there  are  no  deviations  during  th*  evening  hours  for  the 
longer  channels  such  a*  Wa*hington-Bak*r  Lake,  and  Washington* 
Churchill.  For  tha  link  W aahington-Ottawa  the  night  deviations  roach 
55$.  and  th*  day*  20i.  Larger  deviations  occur  in  summer,  smaller 
ores  in  winter.  Th*  distribution  of  deviations  for  the  channel 
Washington -Ottawa  for  all  seasons  gives  tha  actual  picture  because 
the  MFCh  for  this  link  do  not  go  over  25  uc.,  and  the  experiaantal 
data  wii  obtained  for  th*  vhol*  period  of  studios.  4*  for  the 
links  Waahington-Baker  Lain,  the  Waahington-ChurchiU  in  day  tins 
heurt  during  winter  and  equinox  months  there  la  inaccuracy  because 
of  limited  experimental  MFCh.  This  feature  was  mentioned  earlier. 

About  th*  values  of  correct icn  factors  for  these  single 
Jump  links  w*  can  say  the  same  things  that  w*  did  whan  discussing 
tie  two  previous  communication  links.  Th*  values  of  correction 
factors  for  tha  link  Washington -Ottawa  are  given  on  Table  3.  For 
th*  links  Waahingteo-Boker  Lake,  end  Waahington-Churehill  wo  five 
oe*  summary  table  for  they  are  fwllaal  from  the  point  of  their 
length  and  KfCh  deviation*. 


Hear*  ft.  To*  average  devi* tlerie  of  oeepeted  VKk  free  expert- 
■«U1  data  OffCft  <).  Charnel  Waekiegteo-Charehill 

0957-1959) 

•  -  The  whole  ported  of  nimnutlw 
b  -  Seaeooal  iv.  deviation* 

Solid  curve*  -  Sooner 
Stroked  curve*  •  Iquinooc 
Belted  corvee  •  Winter 
ttaet  90  depone  W.  l. 

A  •  MBi  if  •  •  bi  C  •  leer* 


•  1J 


A  .*  * 


Tifur*  9*  Av«nc*  dwriotiono  of  coapntod  MfCh  rolooo  fro*  axporl- 

aontol  dot*  (MfCh  JS).  Co— ilogtin  Channel}  WMhtactoa> 
Bober  Uk»  (1957-1958) 

a  -  Tbo  wholo  ported  of  oboorrotiona 
3  *  Seasonal  COOMfi  deviations 
Solid  cnmi  -  3«mt 
Stroked  evtrooo  •  Bqvinc* 
lotted  curvoe  •  Winter 

A  -  MfCh  J(|  B  -  bj  C  -  tiowroi  Tinoi  99  decrees  W.  t. 
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TABU  1 


S' 


Corr*etlon  factor  valaM  during  1957-195®  for 
th»  Unk  WMldaftea-ltAAOlutlon  Bay 


UStM  2 


Correction  factor  value*  during  1957-1956  for 
the  link  Waehingtcn-Berlin 
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Correction  footer  volute  (faring 
195M958 
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TABLE  k 


Correction  factor  values  during  1957*1958  for  the  two  link*: 


Waahlngton-Baker  Lake,  and  Washington-Caur chili 
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The  results  ebteined  ere  concerned  with  the  riddle  latitude 
end  polar  communication  links  end  ere  right  for  the  periods  of  maxi- 
.ncm  solar  activity ,  ,Xhe  period  of  mininun  solar  activity  is 
characterised  only  by  oqta  for  the  communication  links  of  MDRSV. 
Though  these  materials  ^  us  the  right  to  tnink  that  the  results 
obtained  for  the  years  of  maxiamx  solar  activity  could  be  regarded 
good  also  for  the  years  of  Minimus  solar  activity,  for  more  accurate 
calculations  during  the  years  of  niniaun  solar  activity  one  needs 
additional  data  similar  to  that  used  for  the  period  of  maximum  solar 
activity  v 


In  the  result  of  our  calculations  and  comparisons  it  is 
>»ssible  to  make  the  following  conclusions i 

1.  There  is  a  difference  in  the  shape  of  diurnal  MFCh  trends 
noth  for  calculated  and  experimental  values,  and  this  difference  is 
especially  sharp  for  winter  months.  On  the  day  time  experimental 
VPCh  curves  ths  deep  rcinlmums  of  the  night  and  dawn  hours  so  charac¬ 
teristic  for  ths  curves  of  computed  KFCh  are  not  noticeable.  This 
discrepancy  in  the  diurnal  trends  i£  an  indication  of  the  inadequacy 
of  both  methods  of  calculation  for  the  night  and  dawn  hours  for  all 
communication  links.  Ths  lack  of  the  above  mentioned  minimum*  on  the 
expert  mental  MFCh  curves  demonstrates  ths  fact  that  ths  transmission 
of  frequencies  higher  than  the  calculated  MPCh  takes  ths  plaes  not 
for  the  reason  of  their  reflection  from  layer  F2.  but  because  of 
some  other  ways  cf  propagation  not  taken  into  account  by  our  methods 
of  calculation.  A  discrepancy  is  detected  between  the  maximum*  in 
the  diurnal  trends  of  calculated  and  experimental  MCh  during  the 
winter  months,  but  the  experimental  information  at  hand  did  not  per* 
nit  us  to  evaluate  it  quantitatively. 

2.  while  comparing  the  two  methods  of  computation  for  the 
cdnrvj'.ication  links  over  A,000  km.  long,  it  ie  possible  to  indicate 
the  relative  superiority  of  the  method  of  1  reference  points*.  Even 
for  the  communication  link  Washington-Reeolutlon  Say  for  which  one 
expects  a  double-jump  propagation*  and  therefore  may  prefer  the 
methcu  of  "equal  Jumps",  the  method  of  "reference  points"  gave,  on 
the  average,  somewhat  better  results*  For  this  channel  it  is  only 
in  winter  in  th&  day  time  hours  that  ths  r.oaber  of  positive  devi¬ 
ations  while  comparing  coasted  and  experimental  MPCh  valutas  by  the 
method  of  "reference  points"  is  mors  then  by  ths  method  of  "equal 
Jumps". 
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3.  The  comparisons  of  ca lculated  and  experimental  KFCh  value* 
for  the  single- jump  links  shew  tliat  the  methods  of  computation  do  not 
&uftrante*  the  necessary  accuracy.  The  calculated  values  are  con¬ 
siderably  lower  than  tne  experimental  values  and  the  degree  of  this 
reduction  increases  with  shortening  of  the  dietanoe  of  a  conmni- 
catior.  link,  large  reduction*  n{  the  calculated  KPCh  value*  tun* 
■»tio«d  during  the  night  hours. 

4.  It  was  found  out  tliat  the  correction  factor  X  recommended 
uy  the  inn true tienn  of  the  Ministry  of  Communication  was  too  low 
for  tlie  calculation  of  tie  real  -cmunication  links.  The  increase 
ct  the  value  of  K  could  improve  the  method  of  ''equal  Jump*"  con¬ 
siderably. 

5.  Contrary  to  these  instructions  aa  shown  by  calculations 
the  value  of  the  correction  factor  ‘mat  riot  he  the  same  for  all  hour* 
am  seasons.  Cna  can  see  from  the  tables  given  above  that  the  values 
of  the  correction  factor  changes  dlumally  and  seasonally .  T ho  for* 
cf  th»i  curve  of  the  diurnal  trends  cf  correction  factor  value*  is 
the  opposite  of  the  form  of  the  curve  of  diurnal  trends  of  computed 
MFCh  values,  i.%.  tne  maximum  '  alues  cf  the  correction  fa-  ter  tit 

the  nicht  arid  morning  hours,  nnd  tne  minimum  values  take  place  ao 
iDon  elms.. 

Tee  volute  of  this  material  is  not  consii ered  enough  for 
find  in-'  out  the  new  correction  farters  by  statistical  methods  in 
order  to  introduce  tne;*  into  the  practice  cf  KPCh  oemputations. 

'fables  1,  Z,  ')  and  n  divert  in  this  study  ro'ild  no  ue«d  as  *  rofer- 
r*c a  material  for  the  area*  served  by  the  communication  links 
arulyted  here.  It  is  necessary  to  t;eep  In  riw.i  that  the  values  of 
.•orreetisr.  fr-tto rs  gv-en  in  t’.jouo  table*  for  tin  method  of  “equAl 
Jum-pe*  are  '*ouple»enlat*;»  hr  the  faster*  which  were  si  ready  used 
when  coaptttvic  Mf,Ch. 

•*;»  The  comp-urisors  made  have  shown  that  the  two  methods  of 
con.pjtatiO'i  of  MPCh  for  the  noawunte avion  links  with  a  single  or 
several  powtt#  of  refleitior;  need  consitfci aule  iirprovemor.t.  Wr 
>.,r IJC'i  computation  methods  would  be  improved  oy  satherxry; 
t.hc  '-.-xperlaental  data  on  comnur.ication  links  iiaving  different 
i.evths  ari  located  at  the  diffazvt  points  on  the  globe,  and  by 
r  Niritr.;;  cut  the  'V-pincal  corre-ofclv.i  factors,  ana  tr.*  steps  vb'ch 
coul-1  iruyeasm  toe  accuracy  of  cur  calculations,  airaultaueounly  we 
hew  to  analyse  thn  raasors  for  the  discrepancies  *n  toe  relation 
natwcu-,  calculated  and  experimental  MPCh,  and  also  discover  the  ways 
of  the  tfaasrission  of  radio  waves  wttn  *  frequency  higher  than  tb  ? 
lifC?;. 
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